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[Abstract]

This study compared perioperative hemoglobin(Hb) changes and measurement methods—central
laboratory(Lab Hb), arterial blood gas analysis(tABGA Hb), and noninvasive pulse co-oximetry (SpHb)—
by anesthesia type(general, spinal) in 240 patients undergoing total hip replacement. A retrospective
analysis of electronic medical records confirmed significant postoperative Hb reductions across all
methods. ABGA Hb showed strong concordance with Lab Hb (mean difference <lg/dL; agreement
>96%), supporting its intraoperative reliability. Although SpHb underestimated Hb by ~1.35g/dL, it
maintained over 95% agreement in tracking trends, with no significant difference by anesthesia type.
These findings suggest ABGA Hb as a rapid alternative for transfusion decisions, while SpHb enables
real-time trend assessment. Integrating these tools into anesthetic nursing protocols may provide objective

evidence to support collaborative transfusion decision-making and enhance perioperative patient safety.

» Key words: Anesthetic Nursing, Anesthesia Type(General vs. Spinal), Hemoglobin Monitoring,
Pulse CO-Oximetry(SpHb), Total Hip Replacement Surgery
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I. Introduction
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II. Methodology

1. Study design
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2. Study participant
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3. Study tool

3.1 Central laboratory hemoglobin test(Lab Hb)
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3.2 Arterial blood gas analysis hemoglobin
test(ABGA Hb)
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3.3 Noninvasive pulse co-oximetry hemoglobin
test(SpHb)
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4. Data collection
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6. Data analysis
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III. Result

1. General characteristics of the subject
MAOERIgAle] B AL 72.88+14. on Z0b3)
BRI 760651296490, RAOER F ojHe
63.6%(70%), HF0SAR=s 59.2%(77%8) At TRt
Zdb Alsto] AL MAIORE|EAL & 37 o]Ato] 9.3%(20
9), 270 ol’do] 40.9%(45%)o]A 1L, 34.5%(34%)7T 174
ool the A 7HA AL Qllon, ARutREAtE U0
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o tje AWe AL Ach YA A At
9] 25.5%(28%)7t, AFORR|&A= 28.5%(37H)7F AN
1, »z73sle Ao ERte] 80.0%(88%), Azxolx|gt
AFO] 81.5%(106%)%tt. ASA score= [EAI= XAlnt
SR} 40.0%(449), A Z01ZFSAF 54.6%(71%)0]91 1 1

A= 60%(66%), AF0IF A= 44.6%(5878)019] 0.0,
= Ftof] 8.9Jst Xjo|(Fisher exact test,p=.023)7F 913}
CHTable 1).

2. Distribution of Lab Hb, ABGA Hb, and Sp
Hb by Anesthesia Type

2.1 Pre- and Postoperative Comparison of Lab
Hb

P
= A

11.80+1.69g/dL, HJ= 7.40
i A0l e
11.84+1.77g/dLE GAKsH 4%0]9)ct.

22 5 AA P72 10.17+1.45g/dL, B 6.70-
14.30g/dL2 7t4stgich AAlnpzlEe 10.00+1.28g/d
L, AZ0£S 10.31+1.57g/dLZ, ﬂxumﬁ‘mﬂ/ﬂ ot
A =2 pAPE WEEQICHTable 2).
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~16.60g/dL 3T}, AAln}3]
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2.2 Pre- and Postoperative Comparison of ABGA Hb
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Table 1. General characteristics of subjects(n=240)
GA' SA
Total
. . (n=110) (n=130) )
% +
Variables Categories n(%) FF;aI:]/Ie:]n SD n(%) or Mean+SD n(%) or Mean+SD X or t(p)
9 [Range] [Range]
{60 35(14.6) 19173) 16123)
60~69 46(19.2) 23(20.9) 23(17.7)
70~79 52(21.7) 24(21.8) 28(21.5) 2.58(.631)
Age(year) 80~89 90(37.5) 36(32.7) 54(41.5)
> 90 17(7.1) 8(7.3) 9(6.9)
74.06+£13.46 72.88+£14.00 75.05+12.96
+ -
Mean+SD [28-96] [31-96] [28-93] 1.25(.214)
M 93(38.8) 40(36 4) 53 40.8)
Sex F 147(61.3) 70(63.6) 77(59.2) 49(.485)
0 22(9.2) 7(6.4) 15(11.5)
1 81(33.8) 38(34.5) 43(33.1)
CN:::EI d‘i’tf 2 92(38.3) 45(40.9) 47(36.2) 2.17(:539)
Y >3 45(18.8) 20(9.3) 25(19.2)
Mean£SD 1.70£.93 1.72+.84 1.68%+1.00 .28(.781)
. N 175(72.9) 82(74.5) 93(71.5)
History of trauma v 65(27.1) 28(25.5) 37(28.5) 27(.601)
. N 46(19.2) 22(20.0) 24(18.5)
History of surgery -y 194(80.8) 88(80.0) 106(81.5) 09(.763)
I 115(47.9) 44(40.0) 71(54.6)
ASA Class® Jilg 124(51.7) 66(60.0) 58(44.6) 6.15%.023)
N 1(.4) - 1(.8)
GA'= General anesthesia, SA'=Spinal anesthesia, ASAS= American Society of Anesthesiologists classification
Table 2. Distribution of Lab Hb, ABGA Hb, and SpHb by Anesthesia Type (n=240)
Hb Total GA SA
Measure Time n
ment Point Mean+SD Range Mean+SD Range Mean+SD Range
Type
Lab Pre OP 240 11.80£1.69 [7.40-16.60] 11.76£1.60 [8.50-16.60] 11.84+1.77 [7.40-15.30]
Hb Post OP 240 10.17£1.45 [6.70-14.30] 10.00£1.28 [7.20-14.30] 10.31£1.57 [6.70-13.80]
ABGA 1st 203 10.94+1.84 [6.60-15.90] 10.59+1.68 [6.60-15.10] 11.26+£1.93 [7.10-15.90]
Hb 2nd 127 10.09+£1.85 [5.80-15.30] 9.93+£1.57 [5.80-13.80] 10.29+£2.13 [6.10-15.30]
3rd 34 9.07£1.76 [6.10-15.00] 8.80%1.37 [6.10-12.30] 9.65+£2.34 [6.80-15.00]
SpHb 240 10.45+1.47 [7.10-15.20] 10.37+£1.43 [7.10-14.70] 10.52+1.51 [7.40-15.20]
Sp SpHb(1h) 239 10.15+£1.50 [7.00-14.20] 10.17+£1.44 [7.40-14.00] 10.14£1.55 [7.00-14.20]
Hb SpHb(2h) 50 10.16+1.42 [7.80-13.60] 9.94+£1.25 [7.80-13.60] 10.61£1.69 [8.00-13.40]
SpHb(3h) 10 9.77+1.67 [7.00-12.40] 9.48+1.48 [7.00-12.40] 12.40+. [12.40-12.40]

T A= 10.94+1.84g/dLol9l1, HWYE 6.60-15.90
g/dL 1, HAI0RRF 10.59+1.68g/dLo] i 1r, A F0bF
o] 11.26+1.93g/dLog AZ0H5]7o] oﬂﬂHAAxm
o =7 Uehth 221 B4 Al AA| AY] Bt »R=
10.09+1.85g/dLo] 9, AAIOE]#e 9.93+1.57g/d L
0|91, AE0MEFEE 10.29 +2.13g/dLE AZulEFo]
o =it 3A ""*OML A gAY ®WA SR|=
9.07+1.76g/dLo|9l 1, W= 6.10-15.0091 1, AAlg}
722 8.80+1.37g/dLolQl L, ﬂxum&s 9. 65+2 34
g/dL= AF0H|To] o =34t
SUR7LARA M AAE T2 1AL 10.94g/dL, 2
At 10.09g/dL, 3} 9.07g/dL= A7to] Zdatetol met &
M =gl x|&A0] 7FA A2 HACKTable 2).

Ol

2.3 Pre- and Postoperative Comparison of SpHb

az AR AEY uAss EMa(SpHb) Bt
10.45+1.47g/dLg 0.0, W= 7.10-15. 20g/dL9-it+. Gl
AloRR) e 10.37+1.43g/dL,  AF0Ej#S 10.52+
1.51g/dL2 SIE|Rict.

T & R APSOM AAORR TS 101741

44g/dL, AF0RFTE2 10.14+1.55g/dLg, & & 7F &
oJt Aol 0319194 Al Tol tha =7 YR
22 5 2ARE AEoME AU 9.94£1.2
5g/dL, MZE0EE 10.61+1.69g/dLE, AMZE0lEHo] ¢
o FMA AX]S HYC}
S22 5 ARE AENM: AAloiREo] 9.48+
1.48g/dL2 7+4sh viH | AA0pE|ZC 12,40 g/dLE A
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Ao = 2 HAATE 124 o] A7go] AFulF
T2 OVAE 271 10989 2usto] AR sfiAlof Algto]
9JtHTable 2).

3. Agreement Between Lab Hb and SpHb, and

Lab Hb and ABGA Hb, by Anesthesia Type
Pre-operation
3.1 Agreement between Lab Hb and ABGA Hb
ji
(o]

A PARHN=203)0l4 & EAZ] 719] HF Rjo]=
086g/diglont, 9% ARIALOALE 163
3.40g/dL H9|2 UERET, UR]SLS 96.1%iCt.

RMAIOH] 2(n=97)2] Ha Rfo]= 1g/dL 95% 2

1
sH= —1.399014 3.60g/dLR o0, AX]-&2 95.9%= <

A= .
A30H(n=106)2] F++ Afol= 0.63g/dL, 95%

2A]

Ql
=2

A= -1.890|A] 3.15g/dL, ¥X]& 94.3%S E}
FAI0HZol Yohoz o 2 W Alo]2 Bglou,
T F 2F 94% o]4e] £2 AX|=E ISR Table

w

)

3.2 Agreement between Lab Hb and SpHb

A OidAHn=240)9] & ZFAX| T Hot APol=
1.35g/dLgi o, 95% UX|$HA|(Limits of Agreement,
LoA)= -1.6504 4.3bg/dL2 UERF1, RS2

95.4%%iCt.

A0 (n=110)9] F++ Afol= 1.39g/dL, 95% 4

Ql

AMAlE ~1.53014 4.31g/dL, LX|&2 94.5%R 20,
A0 (n=130)2 F++ Afo] 1.32g/dL, LXIHA -

1.760114 4.40g/dL, Ux|-& 95.4%S HAC}.

£ ORE BF 94% olyel 2 53 YAIgS B,

HRISEA AL EXZHSpHD)Q] AR s SERlsH)

(Table 3).

4. Differences in Lab Hb, ABGA Hb, and Sp
Hb by Anesthesia Method and Measurement

Time Point(Pre-OP vs. Post-0OP)

4.1 Changes in Lab Hb by measurement time

point
AA hARHn=240)0] 4% A Fa FYAAM @AL
2R]= 11.80+1.69g/dLS D1 2 2o 10.17

+1.45g/dL2 FAAOCZ GOt ZtAS HRITHt=21.77,

p<.001).
JJDM%L(n 110)2 24 & 11.76+
% & 10.00+1.28g/dLz L9]3t

1.60g/dLoIA] 4
Zast Uehda

(t=16.65, p<.001), ﬂxuhﬁ(n 130)= 2% A 11.84
+1.77g/dLOJA] 2% & 10.31+1.57g/dLZ S9J5HA 7t

AsFATHt=14.51, p<.001).

NHEAA BARA A} £ AE(Time)o] 5 Faks

AR SR [F5tHHF=478.69, p<.001), ol 2 A
SO W2 A SR HePt foud2
H, O 8 (Group)e] & &4KF=1.06, p=.305)2t 573

l‘[‘

rfr

Fo. AJASHE W

AR oby] e 7R ARG AR (TimeXGroup) &t
(F=2.29, p=.132)= SAH = [oJ5tA] ot Table 4,

Figure 1).

LT

-

L o

Fig. 1. Changes in Central Laboratory Hemoglob in

(Lab Hb) Over Time

Table 3. Agreement Between Lab Hb and Sp Hb, and Lab Hb and ABGA Hb, by Anesthesia Type

Pre-operation(n=240)

Comparison Pair f/lr;fhs;;\eSIa n Difference Lower LoA Upper LoA AS;?:T;T
Total 203 .86 -1.68 3.40 195(96.1%)
Lab Hb & ABGA Hb GA 97 1.1 -1.39 3.60 93(95.9%)
SA 106 .63 -1.89 3.15 100(94.3%)
Total 240 1.35 -1.65 4.35 229(95.4%)
Lab Hb & SpHb GA 110 1.39 -1.53 4.31 104(94.5%)
SA 130 1.32 -1.76 4.40 124(95.4%)
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Table 4. Dfferences in Lab Hb, ABGA Hb, and SpHb by Anesthesia Method and Measurement Time Point

(Pre-OP vs. Post-0OP)

Hb . Time Point Time P.Omt Effect of Anesthesia Method
Measur Anesthesia Comparison
ement Method Pre OP Post OP ; 0 Source E 0
Type (MeanzSD) (MeanzSD)
Lab Total(n 240) 11.80£1.69 10.17£1.45 21.77 <.001 Time 478.69 <.001
Hb GA(n=110) 11.76£1.60 10.00+£1.28 16.65 <.001 Group 1.06 .305
SA(n=130) 11.84+1.77 10.31£1.57 14.51 <.001 TimeXGroup 2.29 132
ABGA Total(n 127) 11.08+1.86 10.09+1.85 11.01 <.001 Time 127.29 <.001
Hb GA(n=69) 10.75+1.66 9.93+£1.57 7.13 <.001 Group 2.96 .088
SA(n=58) 11.47+£2.02 10.29+£2.13 8.64 <.001 TimeXGroup 414 .044
Sp Total(n 239) 10.45+1.47 10.15+£1.50 5.52 <.001 Time 29.03 <.001
Hb GA(n=110) 10.36+1.42 10.17£1.44 2.53 .013 Group .10 .748
SA(n=129) 10.52+1.52 10.14£1.55 5.18 <.001 TimeXGroup 2.96 .087

4.2 Changes in ABGA Hb by measurement time
point

T 127004 8 W B3 s
AL 2X]E= 11.08+1.86g/dLF O
10.09+1.85g/dL2 E=AAOC=Z %4?_? A=
(t=11.01, p<.001).

A0 (n=69) 5%
9.93+1.57g/dL& 59ls1A 7

Z013H0=58)2 54

10.29i2.13g/dL 9.9

ﬂJl
z
32

A 10.75+1.66g/dL, 42 &
22819 004(t=7.13, p<.001),
A 11.47+2.02¢/dL, 5 &
r AAS UERITHt=8.64,

p<.001).
WSS RARA 20} 58 AR(Time)) % vk

EAROR QO8I tHF=127.29,p<.001).

0 99(Group)?] & &db= RS Aokout
(F=2.96, p=.088), A&y} up vy 1] Yextg
(TimeXGroup) &3l= FAAC= [{Ol5IQITHF=4.14,
p=.044) (Table 4, Figure 2).

g/dL
12

11

10 -

pre post
-e—-Total =A=-GA --X-SA

Fig. 2. Changes in Arterial Blood Gas Analysis
Hemoglobin (ABGA Hb) Over Time

4.3 Changes in SpHb by measurement time point

A PAln=239)) 2 A BF UAEE BN
(SpHb) £X]+= 10.45+1.47g/dLY oW, L= 0
10.15+1.50g/dL2 EARC=Z LoJst i)
(t=5.52, p<.001).

A0 n=110)2 &= A 10.36+1.42g/dLofA 4

% S 10.17+1.44g/dL2 ZFASHEA, o= EAROoZ
£.9]519itHt=2.53, p= 013)

A &0 Hn=129) £t

rm 9 10.14i1.55g/dLi
(t=5.18, p<.001).

YRS A PARRY AT, 57 AA(Time)] 5 &
£.9]5}9tHF=29.03, p<.001).

gr, 013 9% (Group)?] & &3KF=0.10, p=.748)}
A o s 7] A2 ARE(TimeXGroup) =t
(F=2.96, p=.087)= 9-9J5}X] A9t Table 4, Figure 3).

=2
K==,

HI -IOI'
L |~

2 A 10.52+1.52g/dLof| A
S0 wAS B

pre post

~@-Total =A=GA =A% SA

Fig. 3. Changes in Noninvasive Hemoglobin (SpHb) Over Time
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IV. Discussion
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42 AXlske 2717 9ot [2-5-20]. v]ASA dMAE
FGAAE M0 HBH P 1.35g/dL @A S
73FS golol} Ax|GL 95% ojAko g =7 Lehtch

O] éj_}‘f— H]i]/’\)ﬂ o:U\Hd\_]} 7(4]:‘H /\7(]4 7(19‘].5__ q/\

YR = (agreement rate)=
79 AR A=

o)

oy i
Wold 2 glout et £A1S UL wigalcks 7|E
230 Auot ARATH11-14]. BASH FAAL 6]
S0} A4 540] 7K5sIche Ao, 53] 3 A
o] ol2ie 13 TR} B 2t ojete 22 30|
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